The EU has established so-called 20-20-20 targets, which in relation to energy mean that each Member State shall improve energy intensity levels by 3.3% annually, leading to a reduced primary energy use of 20% by the year 2020, calculated from a projected level based on the primary energy use in 2005. Sweden has established a less ambitious target of 1.7% annual energy intensity improvement through 2020. The aim of this paper is to evaluate, ex-ante, the EU 2020 primary energy target for the Swedish industrial sector. An applied backcasting methodology is used. The assessment made in this paper is that actions that lead to between 31.6 to 33.2 TWh/year reductions in energy end-use are needed if the EU target is to be achieved.
Introduction
The impact of global climate change as a result of greenhouse gas emissions, primarily from the use of fossil fuels, has made EU decision makers act decisively. In 2012, the EU presented the Energy Efficiency Directive (EED). In addition to the EED, the EU has The deregulation of the European electricity market and rising fuel prices on the international energy markets has led to higher energy end-use prices for Swedish industry. Rapid energy price increases have created a risk that Swedish companies will be affected negatively.
This applies especially to electricity prices as Swedish industry has had one of the lowest electricity prices in Europe, and therefore to a greater extent than their European competitors has chosen to use electricity over other energy carriers and fuels . The Swedish electricity prices on the Nordic spot market have risen by 300% in the past decade . Industrial organizations have two possibilities to reduce the negative impact of higher energy prices. One possibility is to negotiate a lower price from the energy supplier, while the second option is to work internally at the company on energy use, where energy efficiency, load management, conversion of electricity to other energy carriers, utilization of excess heat, as well as internal production of electricity and heat, are examples of possible areas to work with (Caffal, 1996; Thollander and Ottosson, 2010) .
The impact of global climate change, the EU's efforts to limit greenhouse gas emissions, and the threat to Swedish industry as a result of rising energy prices (electricity in particular), all present strong incentives for both the Swedish government and Swedish industry to start acting forcefully towards a more efficient supply and end use of energy. In order to work proactively to meet the EU 2020 primary energy target for the industrial sector, there is a need to assess the implications for Swedish industry in terms of needs for improved energy efficiency. Evaluation of policy instruments may be carried out in principally two different ways: ex-ante, meaning that the policy is evaluated before the period has ended, and ex-post, meaning that the policy is evaluated after the program. The aim of this paper is to evaluate the fulfillment of the EU 2020 primary energy target for the Swedish industrial sector. To meet this aim, there is a need to assess existing energy policy instruments towards the sector. The aim has therefore been split into three research questions:
1. How many TWh/year need to be saved in Swedish industry in order to achieve the EU 2020 primary energy target? 2. What is a realistic deployment level for Swedish industry up to 2020? 3. How could a realistic roadmap for 2020 look like?
The paper is structured as follows. After the introduction, the EU and Swedish targets are explained. This section is followed by a method section, a presentation of energy use in Swedish industry, and answering of the research questions. The paper then ends with a concluding discussion.
In October 2006, the EU EEAP (Energy Efficiency Action Plan) presented a primary energy savings target of 20% in 2020 compared to a projected level from the year 2005 (EC, 2006b). The energy intensity in the EU should be reduced by 3.3% per year. The baseline projection, based on the PRIMES model, is an increase in primary energy use of 0.5% per year, if structural effects 3 , autonomous effects 4 and the effects of previous policy are taken into account. If these are not taken into account, the primary energy use is expected to rise by 2.3%
per year, i.e., a decreased energy intensity of 1.8% per year is expected due to previous policy (0.35% per year), structural effects (0.6% per year) and autonomous effects (0.85% per year).
From the 0.5% per year baseline projection in the EU's 2020 target, yet another 1.5% energy intensity reduction annually is expected, in addition to the prevailing trend of 1.8% decrease per year, which is the impact of new policy and new policy beyond directive.
In the Swedish Government Bill (2009) the national energy target for 2020 is described.
The formulation is that: "A goal of 20% energy efficiency should be achieved by 2020. The goal is expressed as a sector-wide target of reducing energy intensity by 20% between 2008 and 2020." The goal for 2020 is thus set to be an energy intensity decrease of 1.7% per year (GB, 2009 
Method
The major method used in this paper is backcasting. Backcasting analysis is a method used in energy and environmental studies since the 1970s, first introduced by Lovin's (1976) SEP (Soft Energy Paths) (Robinson, 1982) . For a good overview, see Vergragt and Quist (2011) . The method is based on an approach where a target level is set and possible ways to reach that target are studied. Quist and Vergragt (2006) and Vergragt and Quist (2011) state that backcasting is about "generating a desirable future, and then looking backwards from that future to the present in order to strategize and to plan how it could be achieved." This means that instead of the conventional approach to forecast the amount of energy used in a given year, a target is stated on how much energy can be used in a given year, given certain prerequisites, e.g. carbon neutrality, fossil fuel independence, etc. Dreborg (1996) puts it this way: "Typically backcasting is applied on long-term complex issues, involving many aspects of society as well as technological innovations and change. The focus of interest is on a perceived societal problem of great importance such as the vast and growing impacts of transports on the environment."
Backcasting has previously been used in Canada (Robinson, 1982) , the United Kingdom Andersson et al., 2008; Anderson, 2001) , the Netherlands (Quist and Vergragt, 2006; van den Bosch et al., 2005) and also in Sweden (Svenfelt et al., 2011; Åkerman and Höjer, 2006; Dreborg, 1996) . As a future goal is already set by the EU 2020 primary energy target, backcasting may be considered more appropriate than conventional forecasting. The goal however is set for the whole EU economy and not for a specific sector. In that sense, the backcasting method may not be fully applicable without some adjustment. Moreover, from a sustainability point of view, the primary energy target set by the EU is not an end but a means to reach the CO2 and renewable energy source (RES) targets. Also, the current study has a considerably shorter time-span than conventional backcasting studies and moreover, unlike e.g. Robinson (1982) , has parts of the supply of energy already fixed. Based on conventional backcasting methodologies, e.g. Robinson (1982) , there is thus a need initially to assess a realistic sector-specific target, even though a political goal has been set. This paper applies a backcasting methodology inspired by Robinson (1982) , but modified in order to respond to the critical issues addressed above on the applicability of backcasting when the study concerns a means, not an end. The backcasting methodology in this paper is as follows:
1. Initially, the set goal is analyzed based on research in the field, and its applicability is critically assessed.
2. The set goal is adjusted, upwards or downwards, based on the outcome of phase 1 leading to a goal that is stable.
Step 2 can therefore be seen as a validation of the set target, which then may lead to a new valid target or keeping the old one in place. The second step, not included in e.g. Robinson (1982) , may therefore be argued to increase the set target's or goal's validity.
3. The target, set in phase 2, is then complemented by a roadmap including various energy policy measures on how to reach the set target.
4. The cost of the individual energy policy measures in the roadmap is then outlined leading to a presentation of the total cost for the whole roadmap.
In this study, a primary energy factor of 1.0 for all energy carriers apart from electricity was used. For electricity, a primary energy factor of 1.92 was used based on the primary energy This delimitation has its limitations as the EU 2020 primary energy target cannot be fully decoupled from the RES and carbon dioxide emission targets. Moreover, the study is delimited to cover the Swedish industrial sector. Related to this assumption, it should be noted that the actions of industry do not necessarily need to be the most cost-effective way to meet the target for a Member State because actions in e.g. the transport sector may be more cost-efficient, i.e., the EU 2020 primary energy target refers to a Member States' energy intensity, alternatively 20% lower primary energy use than the primary energy use in 2005, for which reason an assessment of energy intensity at sector level can be misleading. Nevertheless, the importance of sector-specific studies like the current study cannot be understated as it gives an ex-ante figure of the target.
The EU EEAP has three policy-related parts: previous policy, new policy, and new policy beyond directive (EC, 2006b). The assumption made regarding the EU 2020 primary energy target is that the national Swedish electricity certificate system is included with previous policy.
This is due to the fact that it was introduced in 2003, i.e., before 2005, which is the base year for the EU 2020 primary energy target. The impact of the EU ETS in regard to the EU 2020 primary energy target is not conclusive. According to EC (2006b) regarding the so-called autonomous effects, these include measures implemented as a result of rising energy prices. According to the EU EEAP, the indirect effects, i.e., increased energy efficiency due to higher electricity prices as a consequence of the EU ETS, should therefore count as autonomous effects (EC, 2006b) .
Regarding the direct effects of the EU ETS, i.e., increased energy efficiency as a direct result of the scheme, there are currently no available figures on the impact of the EU ETS, in terms of reduced energy use (Wesselink et al., 2010) .
The primary methodology for evaluating the two other categories in the EU EEAP, new policy and new policy beyond directive, has been a literature survey. The PFE (Program for improving energy efficiency in energy-intensive industry), which started January 1, 2005 was included with new policy (Ottosson and Peterson, 2007) . The same applies for the energy audit program initiated in April 2010 (Thollander and Dotzauer, 2010) , the Environmental Code (Johansson et al., 2007) led to, or will lead to, in terms of reduced primary energy use. In fact, Johansson et al. (2007) stated that the Environmental Code is a quite slow policy instrument and has not been widely used towards Swedish industry (Johansson et al., 2007) . The same applies to the outcomes of the CHP Directive and the Ecodesign Directives. The reason for not taking the latter into account was also that 1) there are no data given for the Ecodesign Directive in regard to the Swedish industrial sector, and ii) the fact that the PFE and the energy audit program already includes a majority of the improvement measures included within the Ecodesign Directive, i.e., if both improvement measures related to the Ecodesign Directive regarding for example electric motors and the PFE were to be taken into account, one would in fact double count figures. Provided data are available in the future, future ex-ante evaluations should try, to the greatest extent possible, to include the above instruments in the analysis.
Energy intensity is defined as primary energy used (E tot,ind ) divided by Gross Domestic Product (GDP) measured in constant prices, see Eq. 1. The numerator of the energy intensity function -primary energy use -can be illustrated by Eq. 2.
(1)
Where E tot, ind is the industry's annual primary energy use, P i is the production-related primary energy used to produce products, x i is the quantity of products produced, and S 0 is the GDP E EI ind tot , = base load. The denominator -the industry GDP -can, in turn, be calculated in three different ways, either as the sum of all expenditures, as the sum of value added, or as the sum of producers' income. These three means should theoretically provide the same results. If the sum of value added is used, it is defined as the value of goods sold or services, minus materials and energy costs, transportation and other production-related expenses (Worrell et al., 1997) .
The definition of energy intensity outlined in Eq. 1 was adopted by the EU in its 2020 EEAP (EC, 2006b ). This means that factors that affect GDP will affect the actual outcome of whether a Member State will be able to achieve the goal or not. This research project was not intended to do an econometric analysis of the development of Swedish industry's value added/GDP by 2020. Such a study is important but has been outside the scope of this work. The figures given in the statement of how many TWh/year Swedish industry should use (save) should therefore be taken as an approximate figure, as the actual outcome depends on a number of economic factors and other factors which are not possible to predict beforehand. The projected figures used as the basis for the study were based on the economic development adopted by the EU's 2020 EEAP (2.3% GDP increase per year in constant prices and an increase in primary energy use of 0.5% per year).
Ex-ante evaluation of the EU 2020 primary energy target for Swedish industry

Energy use in Swedish industry
The aggregated final energy use among the approximately 59,000 Swedish industrial companies is about 152.4 TWh/year (year 2010) of which nearly 75% is used in energyintensive industry including about 600 companies (PWC, 2007) . In Fig 1 and Fig 2, Table 1 Swedish industrial energy efficiency programs from 1990-2011 (based on Thollander et al., 2007) .
Effect of already existing energy policy instruments
As shown in Table 1 
The energy audit program
The energy audit program is a subsidy which went into effect in April, 2010, and can be received through 2014. The aid covers 50% of the cost of an energy audit, with a maximum of SEK 30,000, and is granted to enterprises using more than 500 MWh of energy per year. To receive the subsidy, enterprises need to (SEA, 2010b):
• formulate an energy plan, including a table of all the improvement measures proposed in the energy audit, and a table that shows which of these improvement measures will be implemented over the next two years.
• write a report describing the energy balance and proposed improvement measures from the energy audit, i.e., results of the energy audit.
• formulate a simple requisition by a statement from the company that the supplied information on costs is accurate.
An ex-ante evaluation of the program stated that it will deliver some 0.7-1.4 TWh/yr in annual energy savings (Thollander and Dotzauer, 2010) . As for the so-called free-rider effect of the energy audit program, Thollander and Dotzauer (2010) estimated the effect to be close to zero. This figure is also supported by Väisänen (2003) , which in turn was based on an extensive review and experience of 42 energy policies affecting industry throughout Europe. This is among other things due to the fact that the targeted group -small and medium-sized and non-energy-intensive industries -are less likely to conduct energy audits and undertake energy efficiency investments than energy-intensive industry (Väisänen, 2003; Shipley and Elliot, 2001 ).
How many TWh/year need to be saved in order to achieve the EU 2020 primary energy target?
The assessment made by the authors is that the EU 2020 primary energy target is designed to reduce energy intensity by 1.5% per annum apart from the 1.8% per year that occurs due to e.g. structural effects, autonomous effects and the effect of previous instruments. Table 2 displays the effect on energy end-use in Swedish industry as a consequence of the EU 2020 primary energy target. Table 2 The effect on energy end-use in Swedish industry as a consequence of the EU 2020 primary energy target.
If the effects of the major energy end-use policy instruments directed towards Swedish industry, the PFE and the energy audit program are deducted from the above table, a slightly lower figure is obtained, from 33.2 to 31.6 TWh/year, see Table 3 . Table 3 The effect on energy end-use in Swedish industry as a consequence of the EU 2020 primary energy target, when the effects of the PFE and the energy audit checks are included. 
Reduced energy end-use 2020
What is a realistic deployment level for Swedish industry until 2020?
The Energy Efficiency Committee (EEC), commissioned by the Swedish Government, has estimated that the energy end-use efficiency potential is about 12.8 TWh/year spread over 6.8
TWh/year for the non-trading parts of the iron and steel, pulp and paper, refinery and petrochemical sectors, and 6.0 TWh/year for the rest of the non-trading parts of the Swedish industrial sector (EEC, 2008) . This conservative potential by EEC (2008) includes roughly onethird of the demand for energy end-use savings needed to fulfill the EU 2020 primary energy target for the Swedish industrial sector. Moreover, it is important to emphasize that energy efficiency potential is not equivalent to implementation . Studies from Sweden and the United States show implementation rates of 20-50%, i.e., rates of implementation of proposed improvement measures based on an energy audit (Thollander et al., 2007; Corbett et al., 2009; Andersson and Newell, 2004) . It is stated in the EU EEAP for 2020
that: "For manufacturing industry, the overall potential is estimated to be around 25%, where peripheral equipment such as motors, fans and lighting offer the most important savings potential" (EC, 2006b) . This applies to non-energy intensive industry but less so for energyintensive industry. Previous studies based on energy audits in the Finnish pulp and paper industry showed cost-efficient energy efficiency potentials of 1-4% for electricity and 10-15% for other energy carriers (Hietaniemi and Ahtila, 2007) . Combined with Sweden's relatively high share of industrial energy use in relation to total national energy use, due to a high percentage of energy-intensive industries, this implies that Sweden not only will have difficulty fulfilling the EU 2020 primary energy target for the industrial sector, but moreover implies that Sweden as a member state will have difficulties reaching the EU 2020 primary energy target.
On an EU level, a recession will lead to increased absolute energy savings (Wesserlink et al., 2010) . According to the denominator (Eq. 1) of the energy intensity function, this is primarily dependent on the number of goods sold, total revenue from goods sold, minus their related costs. Since the numerator E tot,ind has a constant part, S 0 , which is not directly dependent on the number of goods sold, and the fact that the denominator has a negative fixed part, the fixed costs related to producing a product means that the energy intensity during a recession is not reduced significantly, and instead it is likely to increase. An example of this was the recession of the early 1990s where energy intensity increased between 1990 and 1993 in Swedish industry (SEA, 2010).
Based on previous research and results presented in this paper, it is shown that there is a lack of scientific evidence regarding that the Swedish industrial sector could reach such a high target as stated by the EU. Taking into consideration that the degree of renewability in the whole of Sweden 2020 is expected to be 50%, a more realistic 2020 target for Swedish industry would thus be around half of the targeted energy end-use figure of 34.9
TWh/year, i.e., 17.5 TWh/year (22.3 TWh/year in primary energy). It should be noted that this target of energy end-use of 17.5 TWh/year is thus in addition to what EC (2006b) refers to as "structural effects and autonomous effects."
How could a realistic roadmap for 2020 look like?
As illustrated in Fig 4 and Tables 2-3, the fulfillment of the EU 2020 primary energy target for the Swedish industry, even when the PFE and the energy audit program are included (Table   3) The roadmap is divided into three parts: management, process technology, and supply technology measures. The energy management and energy end-use technology potentials for Swedish industry, presented by Backlund et al. (2012a-b) and the energy supply part related to the potential for excess heat utilization presented by Cronholm et al. (2009) and Broberg et al. (2012) , have been divided by a factor of two, in order to achieve a plausible deployment level,
i.e., potential is not equivalent to deployment. For the supply side measures related to electricity generation, assuming that the electricity certificate scheme is included, a linearization based on the results from 2005 to 2011 up to 2020 has been made.
An extended PFE which includes all energy carriers is likely an effective part of such a policy mix -including both management and technology improvement measures -since the instrument is already running and has been preceded by a long process regarding legislative changes, industry acceptance, etc., and partly because it covers such a large part of Swedish industry's energy end-use. Based on findings from Hietaniemi and Ahtila (2007) , showing costefficient energy end-use efficiency potentials of 1-4% for electricity and 10-15% for other energy carriers, a future PFE including other energy carriers, apart from electricity, is likely to increase the impact from the PFE greatly.
The current energy audit program would also lead to improved energy efficiency and is a cornerstone for the industrial SMEs in such a roadmap. Apart from the above-mentioned PFE and the energy audit program, the Ecodesign Directive will also provide technology improvement results. Moreover, energy networks or clusters -targeting both management and technology improvement measures -is another policy means proven successful in Switzerland and Germany, both for energy-intensive and non-energy-intensive industrial SMEs (Koewener et al., 2011) . Moreover, the introduction of an Energy Management System, such as ISO 50 001
and EN 16001, will also contribute to improvements related to both management and technology (Thollander and Palm, 2012) . Finally, the electricity certificate scheme promoting RES electricity supply will also play a key role in this transition 5 , together with increased excess heat utilization delivering district heating to nearby towns and cities through the introduction of TPA (Third Party Access). TPA means that the DH (district heating) grid, currently a monopoly in Swedish DH grids, is opened up, enabling industrial companies with available excess heat to deliver the heat to the DH grid.
The cost for the roadmap
The estimated cost for the roadmap is presented in fig 6 . are dependent on the span presented in Thollander and Dotzauer (2010) . 5 Please note that in a roadmap based on the Swedish 2020 target, the electricity scheme may not be exempted from the calculations. 0 20 000 000 40 000 000 60 000 000 80 000 000 100 000 000 120 000 000 140 000 000
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As for the supply measures which will affect the energy end-use efficiency, the public cost for electricity certificate system and a TPA for the district heating grids may be assumed to be zero or close to zero as it is the market, i.e., the end users, who cover the cost for those measures. As for the technology-related measures, a PFE including all energy carriers is assumed to be the most important instrument for energy-intensive industry, and the cost is assumed to be the same as for the current program using an electricity tax exemption as a driver (Stenqvist and Nilsson, 2011) . For non-energy-intensive industry, the current energy audit program is assumed to lead to the major energy efficiency technology measures. The cost is assumed to be the same as the current energy audit program's high and low ex-ante estimations (Thollander and Dotzauer, 2010) . As for the management-related measures, it is assumed to be covered within the PFE for energy-intensive industry and thus the cost is assumed to be split in half for technology measures from the PFE in order to avoid double-counting. As for management measures for non-energy-intensive industry, it is assumed to carried out by networks, which by e.g. Koewener et al (2011) , has shown to double the degree of adoption of energy efficiency measures, compared with an energy audit program. This leads to an approximate cost for the roadmap of about 280-300 MEUR or around 75-80 kWh primary energy per public EUR. Compared with the current energy policy mix, three major changes are needed: a PFE including all energy carriers, not just electricity; networks; and TPA opening up the monopolized Swedish district heating grids.
Concluding discussion
The results from this study show that if the EU 2020 primary energy target is to be achieved, it will lead to significant changes in energy supply and energy end-use in Swedish industry. The two major policy instruments related to energy efficiency currently in operation are the PFE and the energy audit program. Results referred to in this paper show that these are not sufficient to meet the target. The assessment made in this paper is that apart from what EC (2006b) refers to as "structural effects and autonomous effects," actions that lead to between 31.6 to 33.2 TWh/year reductions in energy end-use are needed, if the target is to be achieved.
These results imply that bio energy use should decrease. It is important however to point out that the other 20-20-20 targets (reduced carbon dioxide emissions and increased shares of RES) are not decoupled from the energy case, see for example NEP (2010) . However, by definition, according to the target of increased shares of RES, decreased RES use affects the RES target negatively. In relation to this, it should also be mentioned that RES is a limited resource and that the use of such in industry is not necessarily the most appropriate use, i.e., more efficient use of RES is of course desirable. However, it does have implications for the other targets. The results should therefore be viewed in light of this.
Taking into consideration that the degree of renewability in the whole of Sweden 2020 is expected to be 50 %, i.e. considerably higher than the most EU Member States, and the fact that a large share of the Swedish industrial energy use already today is based on RES, both directly and indirectly through the use of electricity from, e.g. hydro power, a more realistic 2020 target for Swedish industry would thus be around half of the spotted energy end-use figure of 34.9
TWh/year, i.e. 17.5 TWh/year (22.3 TWh/year in primary energy). It should be noted that this target of energy end-use of 17.5 TWh/year is thus in addition to what EC (2006b) refers to as "structural effects and autonomous effects."
The proposed roadmap for Swedish industry presented in this paper, which was based on backcasting and a set primary energy target of 22.3 TWh/year, not taking into account for example structural effects, etc. in the economy, includes the three cornerstones: energy management, energy efficiency technologies, and energy supply measures, expected to be realized by policies which have an aggregated cost of 280-300 MEUR, or 75-80 kWh per public EUR. Three major changes are needed compared with the current policy mix in order for the roadmap to be carried out: a PFE including all energy carriers, not just electricity; networks; and TPA opening up the monopolized Swedish district heating grids.
A general outcome of this paper is that a realistic level of deployed energy efficiency potential could be to use the EU 2020 primary energy target, and multiply it by a factor based on the degree of RES of the total energy supply in 2020.
In conclusion, the assessment made in this paper is that actions that lead to between 31.6 to 33.2 TWh/year reductions in energy end-use are needed if the EU target is to be achieved.
Without the impact of a recession, this paper concludes that this target will be hard to achieve.
Estimations in this paper are that a primary energy target of about 22.3 TWh/year is more realizable.
